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ABSTRACT 

The N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a -  
t i o n  has r e c e n t l y  embarked on t h e  Space S t a t i o n  
Freedom program, wh ich  w i l l  u t i l i z e  t h e  S h u t t l e  
O r b i t e r  f o r  t r a n s p o r t a t i o n  t o  o r b i t .  T h i s  t a s k  
w i l l  be a c c o m p l i s h e d  w i t h  a number o f  f l i g h t s  o v e r  
s e v e r a l  y e a r s .  Each f l i g h t  i s  u n i q u e  i n  terms o f  
t h e  ha rdware  t h a t  i s  m a n i f e s t e d  and t h e  method by  
wh ich  i t  i s  i n t e g r a t e d  t o  f o r m  v i a b l e  c a r g o  e l e -  
ments.  Work Package 4 i s  r e s p o n s i b l e  f o r  t h e  e l e c -  
t r i c  power sys tem f o r  Space S t a t i o n  Freedom, and 
has been d e l e g a t e d  t h e  a u t h o r i t y  t o  d e v e l o p  a pho- 
t o v o l t a i c  ( P V )  power module c a r g o  e l e m e n t .  

The PV power module c o n s i s t s  o f  s e v e r a l  u n i q u e  
a s s e m b l i e s ,  each w i t h  i t s  own f u n c t i o n .  These 
assemb l ies  a r e  combined i n  a manner such t h a t  f u n c -  
t i o n s  a r e  c o n s o l i d a t e d  and packag ing  i s  e f f i c i e n t .  
The f i r s t  o f  t h e s e  i s  t h e  combined s o l a r  a r r a y l b e t a  
g imba l  assembly,  o f  w h i c h  t h e r e  a r e  two  f o r  each 
PV power module.  The r e m a i n i n g  a s s e m b l i e s  form 
t h e  s i n g l e  combined i n t e g r a t e d  equipment  assembly 
f o r  each PV power module.  These t h r e e  combined 
assemb l ies  a r e  packaged i n t o  a l a u n c h  c r a d l e  t o  
f o r m  t h e  PV power module c a r g o  e lemen t ,  wh ich  i s  
p l a c e d  i n  t h e  c a r g o  bay o f  t h e  S h u t t l e  O r b i t e r  for  
t r a n s p o r t a t i o n  t o  o r b i t .  

L: 

V a r i o u s  c o n s t r a i n t s  d e t e r m i n e  t h e  p a c k a g i n g  
o p t i o n s  f o r  t h e  t h r e e  PV power module combined 
a s s e m b l i e s .  The s i z e  and shape of t h e  combined 
assemb l ies  i n  r e l a t i o n  t o  t h e  S h u t t l e  O r b i t e r  c a r g o  
bay d imens ions  and o t h e r  m a n i f e s t e d  ha rdware  a r e  
u l t i m a t e l y  a f a c t o r  i n  d e t e r m i n i n g  t h e  a c c e p t a b l e  
p a c k a g i n g  schemes f o r  t h e  PV power module c a r g o  
e l e m e n t .  
w e l l ,  i n c l u d i n g  b u t  n o t  l i m i t e d  t o  mass, volume, 
and c e n t e r - o f - g r a v i t y  c o n s i d e r a t i o n s  i n  a d d i t i o n  
t o  o n - o r b i t  assembly  and ma in tenance  f a c t o r s .  

module c a r g o  e lemen t  a r e  p r e s e n t e d .  
a r e  d i s c u s s e d  i n  terms o f  t h e i r  impac t  on t h e  o v e r -  
a l l  f l i g h t  ha rdware  m a n i f e s t  as d e t e r m i n e d  by  t h e  
v a r i o u s  c o n s t r a i n t s .  
gram c o n s i d e r a t i o n s  a r e  a l s o  addressed .  

INTRODUCTION 

O t h e r  f a c t o r s  p l a y  a s i g n i f i c a n t  r o l e  as 

S e v e r a l  p a c k a g i n g  o p t i o n s  f o r  t h e  PV power 
These o p t i o n s  

Space S t a t i o n  Freedom p r o -  

The PV power modu le  c a r g o  e lemen t  packages 
a l l  ha rdware  w h i c h  c o n s t i t u t e s  an 18.75 kW PV 
power module,  and i s  shown i n  F i g .  1.  The ha rd -  
ware se rves  t h e  f o l l o w i n g  f u n c t i o n s :  power 

g e n e r a t i o n  ( s o l a r  a r r a y s ) ,  sun t r a c k i n g  ( b e t a  gim- 
b a l s ) ,  ene rgy  s t o r a g e  ( b a t t e r i e s ) ,  power manage- 
ment and d i s t r i b u t i o n  (ac  and dc e l e c t r o n i c s ) ,  and 
the rma l  c o n t r o l  ( r a d i a t o r s ) .  There w i l l  be f o u r  
modules o n - o r b i t  t o  p r o v i d e  75 kW o f  power a t  t h e  
c o m p l e t i o n  o f  Phase 1 o f  t h e  Space S t a t i o n  Freedom 
program. Each PV power module o c c u p i e s  two t r u s s  
bays a l o n g  t h e  t r a n s v e r s e  boom o f  Freedom. As 
seen i n  F i g .  1 .  one of t h e  t r u s s  bays c o n t a i n s  a 
p a i r  of s o l a r  a r r a y s  mated t o  t h e i r  r e s p e c t i v e  
b e t a  g i m b a l s  t o  form two  combined s o l a r  a r r a y l b e t a  
g imba l  a s s e m b l i e s .  The o t h e r  t r u s s  bay c o n t a i n s  
t h e  r e m a i n i n g  module ha rdware ,  a l l  mounted t o  a 
s i n g l e  combined i n t e g r a t e d  equipment  assembly  
( I E A ) .  
aged t o g e t h e r  i n  a l a u n c h  c r a d l e  t o  fo rm a PV 
power module c a r g o  e l e m e n t ,  wh ich  i s  p l a c e d  i n  t h e  
p a y l o a d  bay of t h e  S h u t t l e  O r b i t e r  for  t r a n s p o r t a -  
t i o n  t o  o r b i t .  

LAUNCH PACKAGING REQUIREMENTS AND CONSTRAINTS 

A number o f  r e q u i r e m e n t s  and c o n s t r a i n t s  
d e t e r m i n e  t h e  p a c k a g i n g  o p t i o n s  f o r  t h e  PV power 
module c a r g o  e l e m e n t .  Those d i s c u s s e d  a r e  n o t  com- 
p l e t e ,  b u t  s e r v e  t o  i l l u s t r a t e  t h e  many pa ramete rs  
t h a t  a l l  must  be t a k e n  i n t o  c o n s i d e r a t i o n  as p a r t  
of t h e  p a c k a g i n g  e f fo r t .  The m a j o r  r e q u i r e m e n t  
d r i v i n g  a l l  work packages i s  t h e  Freedom assembly 
sequence, wh ich  d i c t a t e s  t h e  t o t a l  number o f  
f l i g h t s  r e q u i r e d  t o  p l a c e  Freedom i n t o  o r b i t  as 
w e l l  as t h e  ha rdware  m a n i f e s t e d  on  each i n d i v i d u a l  
f l i g h t .  
s a t i s f y  m a j o r  p rog ram m i l e s t o n e s ,  i n c l u d i n g  f i r s t  
e lemen t  l a u n c h  (FEL) ,  man-tended c a p a b i l i t y  ( M T C ) ,  
p e r m a n e n t l y  manned c a p a b i l i t y  ( P M C ) ,  and assembly  
comp le te  ( A C ) .  A n o t h e r  r e q u i r e m e n t  i s  t h e  need t o  
s a f e l y  m a i n t a i n  an o p e r a b l e  s p a c e c r a f t  w i t h  a l l  
n e c e s s a r y  f u n c t i o n s  u n t i l  t h e  n e x t  assemb ly  
f l i g h t .  These r e q u i r e m e n t s  p r o v i d e  t h e  g u i d e l i n e s  
for t h e  v a r i o u s  c o n s t r a i n t s  w h i c h  u l t i m a t e l y  
d e t e r m i n e  t h e  a c c e p t a b l e  p a c k a g i n g  schemes f o r  a l l  
m a n i f e s t e d  ha rdware .  

These t h r e e  combined a s s e m b l i e s  a r e  pack-  

T h i s  assembly sequence i s  s t r u c t u r e d  t o  

Launch p a c k a g i n g  c o n s t r a i n t s  can be grouped 
i n t o  s e v e r a l  c a t e g o r i e s ,  t h e  m a j o r i t y  o f  wh ich  
r e l a t e  t o  t h e  S h u t t l e  O r b i t e r .  An example o f  a 
p r o c e s s i n g  c o n s t r a i n t  i s  t h e  need t o  a l l o w  f o r  
hazardous s e r v i c i n g  o f  i n d i v i d u a l  c a r g o  e lemen ts  
w i t h o u t  i n t e r f e r e n c e  f r o m  o t h e r  c a r g o  e lemen ts .  
S e v e r a l  pe r fo rmance  c o n s t r a i n t s  a l s o  e x i s t .  The 
f i r s t  r e l a t e s  t o  mass l i m i t a t i o n s  based on maximum 
c a r g o  l i f t  and l a n d i n g  c a p a b i l i t i e s .  
f u n c t i o n  o f  b o t h  a s c e n t  and d e s c e n t  per formance 

These a r e  a 
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f o r  t h e  S h u t t l e  O r b i t e r .  The second i s  a c e n t e r -  
o f - g r a v i t y  l i m i t a t i o n ,  w h i c h  d i c t a t e s  t h a t  a l l  
m a n i f e s t e d  hardware  f a l l  w i t h i n  a s p e c i f i c  c e n t e r -  
o f - g r a v i t y  e n v e l o p e  i n  t h e  S h u t t l e  O r b i t e r  p a y l o a d  
bay .  O t h e r  c o n s t r a i n t s  of i m p o r t a n c e  i n c l u d e  pay-  
l o a d  bay vo lume l i m i t a t i o n s ,  r a p i d  s a f i n g  c o n t i n -  
g e n c i e s ,  assembly  o p e r a t i o n s ,  e x t r a v e h i c u l a r  
a c t i v i t y  (EVA) l i m i t a t i o n s ,  m a i n t a i n a b i l i t y ,  and 
f a i l u r e  t o l e r a n c e  c o n s i d e r a t i o n s .  Taken t o g e t h e r ,  
t h e s e  c o n s t r a i n t s  make t h e  t a s k  of l a u n c h  packag- 
i n g  a f o r m i d a b l e  one,  w i t h  mass and c e n t e r - o f -  
g r a v i t y  b e i n g  t h e  most  c h a l l e n g i n g .  
s u c c e s s f u l  p a c k a g i n g  o f  t h e  PV power modu le  c a r g o  
e l e m e n t  i s  t h u s  t o  m i n i m i z e  i t s  mass w h i l e  o p t i m i z -  
ing  i t s  p l a c e m e n t  i n  t h e  S h u t t l e  O r b i t e r  p a y l o a d  
bay  r e l a t i v e  t o  o t h e r  m a n i f e s t e d  h a r d w a r e .  

PV POWER MODULE CARGO ELEMENT OPTION DESCRIPTIONS 

S i x  o p t i o n s  have been i d e n t i f i e d  and s t u d i e d  

The k e y  t o  

t o  d a t e .  These were i d e n t i f i e d  o v e r  t h e  c o u r s e  o f  
t h e  p r o p o s a l  and deve lopment  work d u r i n g  t h e  e a r l y  
p a r t  o f  t h e  Space S t a t i o n  Freedom p r o g r a m  fo r  Work 
Package 4 .  The p r o g r e s s i o n  o f  o p t i o n s  has e v o l v e d  
as a r e s u l t  of w o r k i n g  w i t h  NASA-Level I 1  a s  we1 1 
as o t h e r  work package teams.  
h e r e  w i l l  be i n  c h r o n o l o g i c a l  o r d e r .  

I E A " ,  and i s  shown i n  F i g .  2 .  The t h r e e  s e p a r a t e  
PV power modu le  combined a s s e m b l i e s ,  two s o l a r  
a r r a y l b e t a  g i m b a l  a s s e m b l i e s  and a s i n g l e  I E A ,  a r e  
packaged i n  t h e  l a u n c h  c r a d l e  as shown. One o f  
t h e  k e y  f e a t u r e s  of t h i s  scheme i s  t h a t  t h e  r e s u l t -  
i n g  c a r g o  e l e m e n t  i s  t h e  same for  each o f  t h e  four  
modules t h a t  a r e  l a u n c h e d .  Thus, a l l  d e s i g n  v e r i -  
f i c a t i o n  t e s t i n g  and a n a l y s i s  w i l l  o n l y  need t o  be  
p e r f o r m e d  o n c e  for  t h e  f o u r  c a r g o  e l e m e n t s .  I n  
a d d i t i o n ,  two l a u n c h  c r a d l e s  can be  b u i l t  t o  
accommodate a l l  f o u r  PV power modu les .  T h i s  i s  
because t h e  b a s e l i n e  Freedom assembly  sequence d i c -  
t a t e s  t h a t  t h e  f o u r  modu les  a r e  l a u n c h e d  on t h r e e  
d i f f e r e n t  f l i g h t s ,  r e s u l t i n g  i n  o n l y  one f l i g h t  
where two PV power modules a r e  l a u n c h e d  t o g e t h e r .  

O p t i o n  2 was c r e a t e d  as a m i n i m a l i s t  a p p r o a c h  
t o  s o l v i n g  t h e  s p e c i f i c  p r o b l e m  o f  m a n i f e s t i n g  as 
l i t t l e  p h o t o v o l t a i c  h a r d w a r e  as p o s s i b l e .  T h i s  
"minimum I E A "  o p t i o n ,  shown i n  F i g .  3, i s  a u n i q u e  
power sys tem d e s i g n e d  t o  be used on ly  u n t i l  a com- 
p l e t e  PV power modu le  can be l a u n c h e d  o n  a l a t e r  
f l i g h t .  
power needed t o  r u n  t h e  s t a t i o n  d u r i n g  t h e  e a r l y  
b u i l d u p  sequence.  I t  w o u l d  be r e t u r n e d  t o  e a r t h  
when t h e  f i r s t  c o m p l e t e  modu le  was i n s t a l l e d ,  and 
w o c l d  r e s u l t  i n  h a v i n g  t o  add an  e x t r a  r e p l a c e m e n t  
PV power modu le  i n t o  t h e  assembly  sequence l a t e r  
i n  t h e  program.  The a d v a n t a g e  o f  t h i s  c o n f i g u r a -  
t i o n  i s  t h a t  i t  makes t h e  maximum mass and volume 
i n  t h e  S h u t t l e  O r b i t e r  p a y l o a d  bay  a v a i l a b l e  t o  
o t h e r  m a n i f e s t e d  h a r d w a r e .  The p r i m a r y  d i s a d v a n -  
t a g e  i s  t h a t  i t  r e s u l t s  i n  h a v i n g  t o  assemble  a a d i -  
t i o n a l  p h o t o v o l t a i c  h a r d w a r e  and i n t e g r a t e  i t  i n  a 
u n i q u e  c o n f i g u r a t i o n ,  w h i c h  w o u l d  expand t h e  e l e c -  
t r i c  power sys tem deve lopment  p r o g r a m  c o n s i d e r a b l y .  

w i t h  t h r e e  b a t t e r i e s  removed.  

The p r e s e n t a t i o n  

O p t i o n  1 was t h e  Rocketdyne " b a s e l i n e  p r o p o s a l  

I t  w o u l d  p r o v i d e  t h e  minimum amount o f  

O p t i o n  3 i s  e s s e n t i a l l y  t h e  same as o p t i o n  1 
S i n c e  each b a t t e r y  

c o n s i s t s  o f  t h r e e  b a t t e r y  a s s e m b l i e s  and a s i n g l e  
b a t t e r y  c h a r g e l d i s c h a r g e  u n i t ,  a t o t a l  o f  t w e l v e  
o r b i t a l  r e p l a c e m e n t  u n i t s  (ORU's) were removed t o  
c r e a t e  t h i s  c o n f i g u r a t i o n .  Because o f  t h e  l o c a -  
t i on  of t h e  ORU's and t h e  way i n  w h i c h  t h e y  a r e  
mounted t o  t h e  IEA,  t h e  c a r g o  e l e m e n t  vo lume i s  
t h e  same as for  o p t i o n  1 b u t  t h e  mass i s  r e d u c e d  
c o n s i d e r a b l y .  The b a t t e r i e s  wou ld  n o t  be removed 
p e r m a n e n t l y  however ,  and wou ld  be b r o u g h t  up  o n  a 
l a t e r  f l i g h t .  A d d i t i o n a l  EVA t i m e  w o u l d  be needed 
t o  i n s t a l l  t h e  ORU's a t  t h a t  t i m e .  As w i t h  t h e  
p r e v i o u s  o p t i o n ,  mass on t h i s  f l i g h t  w o u l d  be 
r e d u c e d  a t  t h e  expense o f  i n c r e a s i n g  t o t a l  p r o g r a m  
mass and c o s t .  

O p t i o n  4 was c r e a t e d  b y  mak ing  two changes t o  
t h e  b a s e l i n e  PV power module d e s i g n .  The c o n f i g u r a -  
t i o n  of t h e  I E A  was changed from b e i n g  r o u g h l y  
square  t o  t h a t  o f  a l o w e r  r e c t a n g u l a r  p r o f i l e .  
T h i s  r e d u c e d  t h e  e f f e c t i v e  p a c k a g i n g  vo lume o f  t h e  
IEA.  The second change was to  r e p l a c e  t h e  two- 
phase t h e r m a l  c o n t r o l  sys tem and e r e c t a b l e  h e a t  
p i p e  r a d i a t o r  p a n e l s  w i t h  a s i n g l e - p h a s e  t h e r m a l  
c o n t r o l  sys tem u t i l i z i n g  a s m a l l e r ,  d i r e c t  d e p l o y a -  
b l e  r a d i a t o r .  The d e p l o y a b l e  r a d i a t o r  f i t s  w i t h i n  
t h e  e x i s t i n g  e n v e l o p e  o f  t h e  module c a r g o  e l e -  
ment .  The r e d u c t i o n  i n  vo lume o f  t h e  I E A  a l s o  
a l l o w s  room for  o t h e r  m a n i f e s t e d  h a r d w a r e ,  such as 
boxes c o n t a i n i n g  t r u s s  members, t o  be  packaged 
o n t o  t h e  c a r g o  e l e m e n t .  T h i s  "low p r o f i l e  I E A "  
o p t i o n  i s  shown i n  F i g .  4 .  

O p t i o n  5 was t h e  r e s u l t  o f  a n o t h e r  PV power 
module d e s i g n  change.  A f t e r  an i n t e r n a l  Rocket -  
dyne d e s i g n  r e v i e w ,  i t  was d e c i d e d  t o  r e c o n f i g u r e  
t h e  I E A  i n t o  a f l a t  p l a t e  w i t h  t h e  ORU's mounted 
o n  b o t h  s i d e s .  T h i s  i s  a minimum volume c o n f i g u r a -  
t i on .  An a d d i t i o n a l  b e n e f i t  i s  t h a t  t h e  " f l a t  
p l a t e  I E A "  i s  more e a s i l y  m a i n t a i n a b l e  v i a  EVA.  
The s i n g l e - p h a s e  t h e r m a l  c o n t r o l  s y s t e m  w i t h  i t s  
d e p l o y a b l e  r a d i a t o r  was r e t a i n e d  i n  t h i s  o p t i o n  
because o f  i t s  p a c k a g i n g  a d v a n t a g e s .  

CARGO ELEMENT DESIGN SELECTED 

The PV power module c a r g o  e l e m e n t  d e s i g n  c u r -  
r e n t l y  b e i n g  p u r s u e d  b y  Work Package 4 i s  t h e  
o p t i o n  5 c o n f i g u r a t i o n .  As w i t h  t h e  p r e v i o u s l y  
d e s c r i b e d  o p t i o n s ,  t h e  c a r g o  e l e m e n t  c o n f i g u r a t i o n  
w i l l  be  t h e  same fo r  a l l  f o u r  modu les .  By main-  
t a i n i n g  t h i s  s e p a r a t e  c a r g o  e l e m e n t ,  t h e  PV power 
modu le  can be i n t e g r a t e d  and f u l l y  checked o u t  o n  
t h e  g r o u n d  b e f o r e  sh ipment  t o  t h e  l a u n c h  s i t e .  
A l l  c o n n e c t i o n s  i n  t h e  t h e r m a l  s y s t e m  can be made 
and l e a k  checked as w e l l .  

A r e f i n e m e n t  was made t o  t h i s  d e s i g n  w h i c h  
a l l o w e d  t h e  l a u n c h  c r a d l e  t o  be e l i m i n a t e d  as a 
s e p a r a t e  i t e m .  The l o n g e r o n  and k e e l  a t t a c h  f i t -  
t i n g s  were i n t e g r a t e d  i n t o  t h e  end p l a t e s  o f  t h e  
IEA s t r u c t u r a l  f ramework .  w h i c h  e s s e n t i a l l y  com- 
b i n e s  t h e  I E A  and l a u n c h  c r a d l e  i n t o  one u n i f i e d  
s t r u c t u r e .  T h i s  i s  shown i n  F i g .  5 .  The two s o l a r  
a r r a y l b e t a  g imba l  a s s e m b l i e s  can t h e n  be a t t a c h e d  
t o  one o f  t h e  end p l a t e s  v i a  s l i d e  mechanisms. The 
r e s u l t i n g  c a r g o  e l e m e n t ,  shown i n  F i g .  6 ,  i s  a min-  
imum mass c o n f i g u r a t i o n .  
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FUTURE PLANS a c t i v i t y  w i l l  be n e c e s s a r y  t o  s u c c e s s f u l l y  accom- 
p l i s h  t h i s  t a s k .  NASA-Level 11, i t s  s u p p o r t  con- 
t r a c t o r ,  and a l l  work package teams a r e  w e l l  on 
t h e i r  way t o  m e e t i n g  t h e s e  c h a l l e n g e s .  

The m a j o r  l a u n c h  p a c k a g i n g  c h a l l e n g e s  for  t h e  
Freedom p rog ram a r e  t o  m a i n t a i n  p a y l o a d  bay mass 
and c e n t e r - o f - g r a v i t y  w i t h i n  S h u t t l e  O r b i t e r  l i m i -  
t a t i o n s .  S i n c e  many launches  a r e  sha red  by  sev- 
e r a l  work packages,  an e x t e n s i v e  i n t e g r a t i o n  

I- COMBINED SOLAR ARRAY/ y \ 1 

i INTEGRATED EOUIPENT 
ASSENBLY (EA) 

FIGURE 1. - PV POWER NODULE. 

FIGURE 2. - OPTION 1 CONFIGURATION, 'BASELINE PROPOSAL 
IEA". 
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FIGURE 3. - OPTION 2 CONFIGURATION. 'PIINIhlM IEA'. 

U 

FIGURE 5 .  - OPTION 5 CONFIGURATION, 'FLAT PLATE IEA".  

FIGURE 4. - OPTION 4 CONFIGURATION, 'LOU PROFILE IEA". FIGURE 6 .  - 'FLAT PLATE 1EA CARGO ELENENT'. 

4 



NaGonal Aeroiautics and 

1. Report No. 

NASA TM-102072 

Report Documentation Page 
2. Government Accession No. 3. Recipient's Catalog No. 

7. Author@) 

Mark A. Hoberecht and Scott T. Vogt 

9. Performing Organization Name and Address 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135-3 191 

12. Sponsoring Agency Name and Address 

4. Title and Subtitle I 5. Report Date 

8. Performing Organization Report No. 

E-483 1 

10. Work Unit No. 

474-46- 10 
- 
11. Contract or Grant No. 

13. Type of Report and Period Covered 

Technical Memorandum 

Launch Packaging Options for the Photovoltaic 
Power Module Cargo Element 

9. Security Classif. (of this report) 

Unclassified 

6. Performing Organization Code t----- 

20. Security Classif. (of this page) 21. No of pages 22. Price' 

Unclassified 

National Aeronautics and Space Administration 
Washington, D.C. 20546-0001 

14. Sponsoring Agency Code 

15. Supplementary Notes 

Prepared for the 24th Intersociety Energy Conversion Engineering Conference cosponsored by the IEEE, AIAA, 
ANS, ASME, SAE, ACS, and AIChE, Washington, D.C.,  August 6-11, 1989. Scott T. Vogt, Rockwell 
International, Rocketdyne Division, 6633 Canoga Avenue, Canoga Park, California 91303; Mark A. Hoberecht, 
NASA Lewis Research Center. 

6. Abstract 

The National Aeronautics and Space Administration has recently embarked on the Space Station Freedom program, which will 
utilize the Shuttle Orbiter for transportation to orbit. This task will be accomplished with a number of flights over several years. 
Each flight is unique in terms of the hardware that is manifested and the method by which it is integrated to form viable cargo 
elements. Work Package 4 is responsible for the electric power system for Space Station Freedom, and has been delegated the 
authority to develop a photovoltaic (PV) power module cargo element. The PV power module consists of several unique assem- 
blies, each with its own function. These assemblies are combined in a manner such that functions are consolidated and 
packaging is efficient. The first of these is the combined solar array/beta gimbal assembly, of which there are two for each 
PV power module. The remaining assemblies form the single combined integrated equipment assembly for each PV power 
module. These three combined assemblies are packaged into a launch cradle to form the PV power module cargo element, 
which is placed in the cargo bay of the Shuttle Orbiter for transportation to orbit. Various constraints determine the packaging 
options for the three PV power module combined assemblies. The size and shape of the combined assemblies in relation to the 
Shuttle Orbiter cargo bay dimensions and other manifested hardware are ultimately a factor in determining the acceptable 
packaging schemes for the PV power module cargo element. Other factors play a significant role as well, including but not 
limited to mass, volume, and center-of-gravity considerations in addition to on-orbit assembly and maintenance factors. 
Several packaging options for the PV power module cargo element are presented. These options are discussed in terms of 
their impact on the overall flight hardware manifest as determined by the various constraints. Space Station Freedom program 
considerations are also addressed. 

7. Key Words (Suggested by Author(s)) 

Space Station Freedom 
Photovoltaic power module 
Launch packaging 
Cargo element 

18. Distribution Statement 

Unclassified - Unlimited 
Subject Category 20 


